Introduction
============

Primary biliary cholangitis (PBC) is an autoimmune cholestatic disease of unknown etiology with a varying geographical incidence. Prevalence ranges between 1.91 and 40.2 per 100,000 population.[@b1-hmer-10-043],[@b2-hmer-10-043]

According to the American Association for the Study of Liver Diseases, the diagnosis of PBC is certain when two of the following three criteria are met: 1) biochemical evidence of cholestasis based mainly on alkaline phosphatase (ALP) elevation; 2) the presence of anti-mitochondrial antibodies (AMAs) and 3) histological evidence of intrahepatic destructive cholangitis of interlobular bile ducts. AMAs are recognized as the gold biomarkers.[@b3-hmer-10-043]

However, there are problems with these criteria in clinical practice. There is a PBC patient subpopulation where AMAs are negative even with the most sensitive methods. These patients require a liver biopsy for diagnosis which may be problematic when ascites or infections are present. It is not easily accepted by the patient although the complication rate is low when performed under ultrasound guidance. A need therefore exists for easily applicable noninvasive biomarkers that could be used in diagnosis, prognosis, fibrosis assessment and treatment prediction.

The current review will therefore evaluate the existing knowledge of serum biomarkers in patients with PBC.

Biomarkers for PBC diagnosis
============================

Immunological markers
---------------------

Immunological biomarkers were a fundamental element in the diagnosis of PBC ever since the initial clarification of the disease ([Table 1](#t1-hmer-10-043){ref-type="table"}). Even today, the presence of AMAs is among the three major diagnostic criteria.[@b3-hmer-10-043]

AMAs are found in more than 90% of patients with PBC with less than 1% prevalence in the general population, and they are not related to disease progression.[@b4-hmer-10-043],[@b5-hmer-10-043] AMA levels do not significantly change over time or after treatment irrespective of response.[@b6-hmer-10-043]

AMAs are in fact a family of immunologically very similar antibodies. Nine subtypes have been described, but only four are closely associated with PBC: AMA-M2, AMA-M4, AMA-M8 and AMA-M9. AMA-M2 is the subtype mostly used as a routine diagnostic marker of PBC.[@b7-hmer-10-043]

The target antigen was identified as the inner lipoyl domain of the E2 subunit of pyruvate dehydrogenase complex. Further analysis revealed the necessity of the lipoyl β-sheet structural conformation in anti-PDC-E2 recognition.[@b8-hmer-10-043]

The sensitivity and specificity of AMAs in PBC depend on the method used. Most routine laboratories use indirect immunofluorescence (IIF-AMA) with a cutoff titer of 1:40 and a sensitivity and specificity around 88.0% and 97.0%, respectively, but a higher cutoff titer of 1:80 is suggested to be used for the maximum benefit to be obtained.[@b9-hmer-10-043] Four commercial assay kits for AMA-M2 autoantibodies were also tested with a sensitivity of 55.7--79.7% and specificity of 91.7--95.4%. AMA-M2 assays with both native and recombinant E2 antigens were characterized by better sensitivity.[@b10-hmer-10-043]

An interesting recent report offered patients a more convenient diagnosis. Saliva was tested for the presence of AMA-M2 and was found positive only when serum was also positive. The saliva concentration significantly correlated with serum AMA-M2. The area under the curve (AUC) was 0.88 with a sensitivity of 81.82% and specificity of 80.00%.[@b11-hmer-10-043]

The AMA-negative cases are an intriguing diagnostic problem. The actual prevalence of this entity varies and most probably depends on the expertise of the laboratory and the method used. Enzyme-linked immunosorbent assay (ELISA) has a sensitivity and specificity higher than IIF. The three E2 subunits included in the MIT3 assay are: the E2 subunit of the puryvate dehydrogenase complex-PDC-E2, the branched-chain 2-oxo-acid dehydrogenase complex-BCOADC-E2, and the 2-oxo glutarate dehydrogenase complex -OGDC-E2. MIT3 ELISA could detect the presence of AMA in half of the AMA-negative sera by IIF.[@b12-hmer-10-043] A more sensitive ELISA using cloned antigens from human sources increased the sensitivity to 94% (compared to 84% by IIF), but most importantly 73% of PBC patients with negative AMA by IIF were tested positive.[@b13-hmer-10-043]

A critical review of methods for the detection of AMA has recently been published.[@b14-hmer-10-043]

A subgroup of PBC patients does not have AMA antibodies, but they are clinically and histologically identical to classical PBC. Immunological biomarkers apart from AMAs are particularly useful for this group of patients. These include various antinuclear antibodies (ANAs) detected by immunofluorescence. Two distinct patterns are strongly associated with PBC: the multiple nuclear dot and rim-like/membranous patterns. The target antigens of the multiple nuclear dot patterns are the sp100 protein and the PML protein. The rim-like/membranous pattern represents antibodies targeting the nuclear pore complex antigen gp210, the nucleoporin antigen p62 and the lamin B receptor.[@b15-hmer-10-043],[@b16-hmer-10-043] gp210 and sp100 are the ANAs most extensively investigated with very high specificity. Anti-centromere antibodies are also ANAs frequently found in PBC patients but are not specific.[@b17-hmer-10-043]

Detection rates of anti-gp210 vary in different geographical areas. Thus, a report on Spanish and Greek patients reported only 10.6% positivity for gp210.[@b18-hmer-10-043] However, our study in Greek patients found a 21% positivity for gp210,[@b19-hmer-10-043] a similar percentage with Japanese patients (26%).[@b20-hmer-10-043] A meta-analysis of 25 studies on gp210 and 21 studies on sp100 with almost 13,000 PBC patients from different countries reported a very high specificity (0.985 for gp210 and 0.977 for sp100), but low sensitivity for the diagnosis of PBC (0.272 and 0.231 for gp210 and sp100, respectively).[@b21-hmer-10-043]

An ELISA screening test including two ANAs (gp210, sp100) and a triple (pMIT3) AMA recombinant antigen showed that 43% of patients previously diagnosed as having AMA-negative PBC were tested positive and therefore a liver biopsy was not necessary for diagnosis.[@b22-hmer-10-043]

Other ANAs include the anti-p62 antibodies that react with a 60 kD antigen of the nuclear pore complex with a specificity of almost 97%. However, sensitivity is again very low.[@b23-hmer-10-043] Detection of antibodies to PML protein does not seem to offer an extra diagnostic tool as only 25--30% of AMA-positive and AMA-negative patients are positive.[@b24-hmer-10-043] The same is true for antibodies against a new PML nuclear body protein, designated as sp140. Anti-sp140 was always detected in parallel with anti-sp100 irrespective of AMA status.[@b25-hmer-10-043]

A new multiplexed line-blot assay, namely ALD2, has been tested in a small series of PBC patients. Antigens incorporated were: AMA-M2, a recombinant fusion protein including the E2 subunits of PDC, BCOADC and OGDC (M2-E3), sp100, PML and gp210 recombinant proteins. Excellent overall sensitivity and specificity of 98.3% and 93.7%, respectively, were reported, but the test should be validated in larger series.[@b26-hmer-10-043]

Proteomics
----------

Progress in diagnostic biomarkers might come from contemporary analytical techniques. Thus, proteomics, the analytical identification of the role of proteins, have provided encouraging results.

The use of MALDI-TOF-MS (Ciphergen Biosystems, USA) combined with magnetic beads and pattern recognition software identified 69 discriminant m/z peaks associated with PBC. The m/z peaks at 3445, 4260, 8133 and 16,290 were used to construct a diagnostic model for PBC with an excellent sensitivity of 93.3% and a specificity of 95.1%. This model needs further extensive validation studies in different PBC subgroups.[@b27-hmer-10-043]

Using proteomic techniques, two new PBC-associated antigens namely hexokinase-1 (HK1) and Kelch-like protein 7 (KLHL7) were detected. Anti-KLHL12 and anti-HK1 antibodies were detected in 10--35% of AMA-negative patients, and when combined with gp210 and sp100, they increased the sensitivity in AMA-negative patients from 55% to 75%.[@b28-hmer-10-043]--[@b30-hmer-10-043]

Metabolomics
------------

Use of metabolomic techniques may in future shift the diagnostic tools from autoantibodies to metabolites.

Thus, 420 serum metabolites from PBC patients and controls were identified. A total of 101 of them significantly differed between PBC patients and controls and 56 significantly differed between primary sclerosing cholangitis and PBC. The significance in clinical diagnosis should be further investigated.[@b31-hmer-10-043]

Bile acid and lipid metabolic products can also be used for diagnostic purposes in PBC. In findings observed in a study conducted in China, the serum concentrations of bile acids were increased in PBC, while the concentrations of carnitines were reduced. Carnitines may be of value as PBC biomarkers for both diagnosis and outcome prediction.[@b32-hmer-10-043] Another study reported that bile acids were increased while metabolites associated with lipid metabolism were decreased in patients compared to controls. Although these findings are still preliminary, they might lead to the creation of diagnostic algorithms.[@b33-hmer-10-043]

In the most complete study so far, training and validation groups of PBC patients were used to assess metabolomic biomarkers related to glucose, fatty acid and amino acid metabolites. In receiver operating characteristic (ROC) analysis, an impressive AUC of 0.937 for the training group was reported accompanied by an equally impressive 0.890 for the validation group making metabolomics a feasible diagnostic tool.[@b34-hmer-10-043]

Comprehensive reports have recently been published.[@b35-hmer-10-043],[@b36-hmer-10-043]

microRNAs (miRNAs): possible future biomarkers in PBC
-----------------------------------------------------

Additional information on the evolution of PBC might emerge from the study of miRNAs.

They are small noncoding RNAs that regulate almost 60% of gene expression. They have been proposed as useful biomarkers in several diseases including PBC[@b37-hmer-10-043] to assist in diagnosis and prognosis.

As diagnostic tools, 35 differentially expressed miRNAs were identified (11 upregulated and 24 downregulated) in liver tissues from PBC patients compared to tissues from normal controls.[@b38-hmer-10-043]

Different miRNA profiles were also found in peripheral blood mononuclear cells (PBMCs) of PBC patients compared to healthy controls,[@b39-hmer-10-043] while the miRNA-let-7b was downregulated and more importantly correlated with disease severity.[@b40-hmer-10-043]

In a small group of 10 PBC patients, a unique mRNA expression pattern was identified. Downregulation of hsa-miR-505-3p, hsa-miR-139-5p and hsa-miR-197-3p was proposed as a useful diagnostic tool. Validation is obviously required.[@b41-hmer-10-043] Further investigation from the same group showed that the liver expression of 97 miRNAs significantly varied in the clinical subtypes of PBC. miRNA profiles were different in the slowly progressive type compared to the hepatic failure and portal hypertension types. Again miR-139-5p was downregulated in clinically advanced PBC.[@b42-hmer-10-043]

A different set of miRNAs (hsa-miR-122-5p, hsa-miR-141-3p, hsa-miR-26b-5p) was reported in another study. It has a very high diagnostic accuracy for PBC with an AUC of 0.905, but most importantly with an encouraging high sensitivity of 80.5% accompanied by an equally high specificity of 88.3%.[@b43-hmer-10-043]

A total of 16 miRNAs were also differentially expressed in PBC compared to healthy controls. The most prominent finding was the downregulation of miR-92a. Interestingly, the expression of miR-92a was colocalized with interleukin (IL)-17A in PBMCs of patients, implying a direct regulation of IL-17A by miR-92a, thus connecting miRNA-92a to disease progression.[@b44-hmer-10-043] In that respect, it should be noted that there is a direct association of Th17 infiltration with disease severity implicating the IL-23/Th17 lymphocytes pathway in the immunopathology in PBC.[@b45-hmer-10-043] In addition, serum levels of IL-23 and IL-17 in PBC patients were increased compared to controls and positively correlated with serum γGT. There was also a correlation with clinical stages making them useful indices to monitor PBC.[@b46-hmer-10-043]

Downregulation of the Cl^−^/HCO~3~^−^ anion exchanger 2 (AE-2) and the type III inositol 1,4,5-trisphosphate receptor (InsP3R3) of cholangiocytes is implicated in the pathogenesis of cholestatic syndromes including PBC. miR-506 is one of the triggering causes for both AE-2 and InsP3R3 downregulation in PBC cholangiocytes.[@b47-hmer-10-043],[@b48-hmer-10-043] Further research from the same group identified various pro-inflammatory cytokines, overexpressed in PBC liver that stimulated miR-506 expression in human cholangiocytes inducing PBC-like features and immune activation.[@b49-hmer-10-043] In connection with these findings, it is interesting that a recent report demonstrated that downregulation of miR-425 in CD4+ T cells from PBC patients induced overproduction of pro-inflammatory cytokines possibly indicating a step further up the immunopathological pathway of PBC.[@b50-hmer-10-043]

miRNA deregulation in peripheral B cells of PBC patients from stage I to stage IV was recently investigated. Although more than 500 miRNAs were differentially expressed in patients, only hsa-miR-223-3p and hsa-miR-21-5p showed consistent downregulation from stage I to stage III suggesting that they are related to disease progression.[@b51-hmer-10-043]

Extracellular vesicles (EVs) are nano- or micro-lipid bilayer spheres produced by different cells. They are released into the extracellular space where they participate in intercel-lular communications. They are also found in bile and contain miRNAs.[@b52-hmer-10-043] In PBC, plasma EVs regulate the expression of the co-stimulatory molecules such as CD86 and CD80 in peripheral antigen-presenting cells. PBC plasma-derived EVs had increased quantities of miR-451a and miR-642a-3p with immunomodulatory functions compared to healthy controls.[@b53-hmer-10-043]

Three informative reviews on the subject have recently been published,[@b54-hmer-10-043]--[@b56-hmer-10-043] but the promising results require further validation.

In conclusion, the diagnosis of AMA-positive PBC can entirely be based on biomarkers. The most difficult diagnostic problem is the AMA-negative PBC, where a central diagnostic element is missing even if the most sensitive techniques are employed. A recent meta-analysis of eight selected reports from AMA-negative patients exemplifies the current situation. All the available immunomarkers were included. A pooled sensitivity and specificity of 37% and 85%, respectively, were calculated. The overall positive predicted value (PPV) and negative predicted value (NPV) respectively, were 45% and 83%. Interestingly, this meta-analysis included the recently described novel autoantigens such as KLHL12 and HK1. Although specificity of each individual marker is very high, the individual and overall sensitivity are poor.[@b30-hmer-10-043]

It is therefore highly recommended that in suspected PBC cases without AMAs, the detection of gp210, sp100 and ideally anti-KLHL12/HK1 should be the next step. The new multiplexed line-blot assay ALD2 should preferably be used if initial promising results are verified.[@b26-hmer-10-043] Although a positive result practically confirms the diagnosis, a negative result does not exclude the diagnosis and a liver biopsy remains mandatory.

Markers for prognosis
=====================

Immunological markers
---------------------

PBC has two fundamental characteristics. First, the natural course may be extremely slow. The disease usually, but not always, evolves over decades rather than years. Second, its clinical presentation is not uniform. Three clinical types are recognized. The slow progression asymptomatic type, the liver failure with jaundice and hepatic encephalopathy type and the portal hypertension with variceal bleeding type.[@b20-hmer-10-043],[@b42-hmer-10-043] Therefore, a stratification is critical but unfortunately is not usually attempted in prognostic studies.

Various biochemical and immunological markers have been used to predict disease progress. Although AMAs are not associated with prognosis, earlier reports have focused on the prognostic significance of AMA isotypes. Patients with only anti-M4 seem to have slower disease progression and benign outcome, whereas patients having anti-M2, anti-M4 and anti-M8 seem to have more active disease and worse outcome.[@b57-hmer-10-043] This was later disputed in a study from the Netherlands.[@b58-hmer-10-043] The presence of the IgG3 isotype of AMA has been related to a more severe disease.[@b59-hmer-10-043]

Other PBC-specific antibodies, particularly ANAs, are more promising as prognostic markers. Specific types of ANAs, such as the anti-gp210, and anti-centromere antibodies, have been associated with a worse prognosis.[@b60-hmer-10-043],[@b61-hmer-10-043]

In a Japanese study, two clinical subgroups of patients were identified, one dying of hepatic failure and the other developing esophageal varices and hepatocellular carcinoma without jaundice (portal hypertension type). Anti-gp210 antibodies were a risk factor for hepatic failure (odds ratio 33.77), while anti-centromere antibodies were a risk factor for the portal hypertension type (odds ratio 4.20).[@b20-hmer-10-043] This was not verified in a group of Spanish and Greek patients.[@b18-hmer-10-043] However, in our study of antinuclear envelope antibodies (ANEAs) in Greek patients, positivity was associated with a more advanced histological stage and a lower survival time.

According to the Japanese study, ANEA-positive patients died more frequently of hepatic failure, while ANEA-negative patients died more frequently of variceal bleeding. It should be noted that we used a slight modification of IIF, with a 1% fixation instead of 4% that allowed for much better visualization of peri-nuclear staining.[@b19-hmer-10-043] An interesting investigation found that anti-centromere antibodies are related to changes of estimated glomerular filtration rate (eGFR) in PBC patients and that they are an independent predictor of the development of chronic kidney disease.[@b62-hmer-10-043]

The significance of anti-centromere antibodies has been recently reviewed.[@b63-hmer-10-043]

Anti-p62 antibodies have also been associated with worse prognosis. A multicenter study showed that anti-p62 antibodies are related to advanced stage of PBC, and their prevalence is higher in symptomatic patients with cirrhosis or its complications.[@b64-hmer-10-043]

Most autoantibodies do not significantly change over time and changes do not correlate with clinical progression in PBC with a possible exception of sp100. The sp100 slope over time was inversely associated with fibrosis.[@b65-hmer-10-043]

Markers without proper validation
---------------------------------

Many other biomarkers have been used as prognostic factors in PBC. Most of them have not been properly validated and their use is still under investigation. The intermediate filaments of normal hepatocyte cytoskeleton primarily consist of keratins, K8 and K18 with a functional role in the mechanical stability of the hepatocyte.[@b66-hmer-10-043] Apoptosis in liver disease leads to cleavage of K18 by caspase-2. K18 fragments are released into the circulation and can be measured by ELISA.[@b67-hmer-10-043] K18 fragment levels were elevated in patients with PBC using assays that detect either M65 (antigen found in caspase-cleaved and uncleaved K18, a marker of overall cell death from apoptosis or necrosis), or M30 (an exposed neo-epitope after cleavage of K18).[@b68-hmer-10-043]

The levels of M30 and M65 were significantly correlated with fibrosis and are different in fibrosis stages. Values from a newly developed M65ED ELISA were associated with poor clinical outcome at a cutoff value of 672 UI/L.[@b69-hmer-10-043]

A biomarker predicting a favorable outcome has been identified. An antibody reacting with the p97/valosin-containing protein (VCP) was detected in a minority of PBC patients followed up for an average of 15 years with a very slow progress and no mortality.[@b70-hmer-10-043]

Autotaxin (ATX) is implicated in the synthesis of lysophosphatidic acid and has been incriminated in the pathogenesis of pruritus of cholestasis. ATX was significantly increased in PBC patients particularly those with cirrhosis but most importantly it was a negative predictor of survival. High levels were associated with a fourfold increased risk of death or transplantation.[@b71-hmer-10-043]

Fibroblast growth factor 19 (FGF19) is a regulatory molecule of liver bile acid synthesis which is deranged in PBC. Serum levels of FGF19 correlated with the severity of liver disease, worse liver biochemistry and worse quality of life.[@b72-hmer-10-043]

Serum total cholesterol and bile acids may predict liver failure in PBC.[@b73-hmer-10-043] Increased serum levels of the chemokine fractalkine could serve as a predictor of cholangitis activity at early stages.[@b74-hmer-10-043] Components of extracellular matrix have also been investigated. Thus, a serum cartilage oligomeric matrix protein has been tested as a novel biomarker of cirrhosis in various chronic liver diseases. It is higher in other cirrhotic liver disease compared to non-cirrhotics but is unable to differentiate between cirrhotic and non-cirrhotic PBC patients.[@b75-hmer-10-043]

Another component of extracellular matrix, vitronectin, was increased in both AMA-negative and AMA-positive PBC patients, and an association with serious bile duct destruction was established.[@b76-hmer-10-043]

Another protein, the Wisteria floribunda agglutinin-positive Mac-2-binding protein \[WFA (+)-M2BP\], has been proposed as a very good predictor of clinical prognosis.[@b77-hmer-10-043]

Prognostic models
-----------------

Various prognostic models based on single biochemical parameters have been developed in an effort to predict clinical outcome in PBC. The aspartate aminotransferase (AST) to platelet ratio index (APRI) is one of the better validated models. Two recent reports have confirmed previous studies indicating that elevated APRI is a predictor of increased disease progression in PBC.[@b78-hmer-10-043],[@b79-hmer-10-043] APRI at 1 year (APRI-r1) was investigated as a progression predictor in Chinese patients followed up for 5, 10 and 15 years; APRI-r1 AUCs were satisfactory: 0.80 0.83, and 0.77, respectively, making therefore APRI a useful tool in the clinical assessment of PBC patients in multiple ethnicities.[@b80-hmer-10-043] In a group of 204 patients, however, APRI was significantly correlated with the histological degree of liver fibrosis but the PPV was very low limiting its uniform applicability in clinical practice.[@b81-hmer-10-043]

It should be noted however that most models based on biochemical markers have been devised to assess the progression of liver fibrosis in PBC and only indirectly are predicting clinical outcome although one should keep in mind that fatal complications in PBC may develop before cirrhosis.[@b82-hmer-10-043]

In conclusion, the ideal marker for prognosis is still required probably due to the variable natural course of the disease. gp210 antibodies and anti-centromere antibodies are the most extensively validated biomarkers so far. It is hoped that one or more of the markers without proper validation so far will be the answer. It should be remembered however that the evolution of two old biochemical markers, namely ALP and bilirubin, are still among the best when prognosis is concerned. Data are presented in the Markers for treatment success section.

Markers for fibrosis
====================

Single biomarkers
-----------------

Among different proposed single biochemical markers, only serum hyaluronan seems to be the most promising biomarker for the assessment of fibrosis in PBC. The AUC of late PBC was 0.74 for hyaluronan, 0.63 for leptin, 0.59 for laminin and 0.70 for collagen IV. Hyaluronan also had high sensitivity and NPV in identifying late stages of PBC (96% and 90%, respectively).[@b83-hmer-10-043] However, inconsistent results of hyaluronan, laminin, collagen IV and pro-collagen III in different Child--Pugh stages have been reported, possibly making these markers not suitable for clinical practice.[@b84-hmer-10-043]

Mean platelet volume and bilirubin were investigated in a small study, but AUC was only 0.72 with low specificity and sensitivity, which was certainly not better than hyaluronan.[@b85-hmer-10-043]

The WFA (+)-M2BP has also been used as a biomarker for discriminating the fibrotic stages in PBC[@b78-hmer-10-043] and later verified in a study where the serum levels of chemokine IP-10 also gave similar results.[@b86-hmer-10-043] In fact, both these biomarkers were only able to identify extensive fibrosis, but as another study has shown, there is considerable overlap with earlier fibrotic stages.[@b87-hmer-10-043]

A glycan isomer (M2BPGi) of this protein has been recently proposed as a reliable marker of liver fibrosis in PBC, but it is too early to draw firm conclusions.[@b88-hmer-10-043]

Models combining biomarkers
---------------------------

To improve the situation over single biomarkers, several models have been proposed. The AST/alanine aminotransferase (ALT) ratio, the APRI score, the fibrosis index based on 4 factors (FIB-4), the Fibro index, the Forns and the enhanced liver fibrosis (ELF), among others, have been most extensively validated indicating that the ideal model does not exist.[@b89-hmer-10-043]

It was earlier suggested that the AST/ALT ratio was significantly higher in cirrhotic patients than in non-cirrhotic patients and was significantly associated with esophageal varices and ascites,[@b90-hmer-10-043] but a more recent report found an AUC of only 0.660 for discriminating the fibrotic stages of PBC, which was marginally better than APRI.[@b91-hmer-10-043]

One of the serious problems that all proposed models face is the relative inability to discriminate the four histological stages of PBC. This has been convincingly demonstrated in recent publications.[@b92-hmer-10-043],[@b93-hmer-10-043] The best that these models can do is to discriminate between early and advanced stages of PBC. Thus, a statistically significant difference in APRI, FIB-4 and AST levels between groups with early and advanced PBC has been reported.[@b94-hmer-10-043] The ELF test, based on serum hyaluronan, tissue inhibitor of metalloproteinase 1 and procollagen III aminopeptide, was shown to have prognostic ability even in the early stages of the disease process (area under receiver operating characteristic \[AUROC\]=0.737--0.863 at all time points).[@b95-hmer-10-043] A recent meta-analysis of nine studies concluded that the ELF test had a pooled sensitivity of 83%, specificity of 73% and AUC of 0.88 for significant or severe fibrosis and cirrhosis, but the sample included patients with other liver diseases as well.[@b96-hmer-10-043]

The red blood cell distribution width (RDW) and RDW to platelet ratio (RPR) were proposed as markers of the histologic severity of PBC. Again, there was a low sensitivity of 46.7% and a high specificity of 96.4% with an AUC of 0.74. Compared to APRI (AUC=0.648) and FIB-4 (0.682), RPR seems to be slightly better but only for discrimination between early and late disease.[@b97-hmer-10-043] The same group very recently compared APRI, FIB-4, RPR and platelet count to spleen thickness (PC/ST) ratio. This new marker improved sensitivity to almost 75% for discrimination among the four Scheuer PBC stages.[@b98-hmer-10-043]

In conclusion, a biomarker is considered perfect if the AUROC is 100%, excellent if the AUROC is \>90% and good if the AUROC is \>80%.[@b99-hmer-10-043] Currently, there are excellent noninvasive tests to exclude, but not to diagnose, extensive fibrosis or cirrhosis.[@b100-hmer-10-043] Moreover, they are unable to discriminate between the different histological stages of PBC.

Markers for treatment success
=============================

Ursodeoxycholate (UDCA) was the only approved treatment of PBC up to 2016. Obeticholic acid is now approved in the USA and Europe as a second-line drug in patients after a UDCA failure. It should be noted however that a recent large meta-analysis of 46 trials concluded that there is currently no evidence that any intervention is beneficial for PBC. Overall, all the evidence was of low or very low quality, and the follow-up periods in the trials were rather short. Therefore, no firm conclusions can be drawn.[@b101-hmer-10-043]

Liver biopsy is the gold standard for the evaluation of treatment success, but it is not a practical clinical option. There have been many efforts to identify biomarkers to predict successful treatment.

A longitudinal study of 110 patients suggested that declining sp100 titers correlated with improvement in the Mayo risk score and response to UDCA.[@b102-hmer-10-043]

Vitamin D has been implicated in immune modulations. Vitamin D deficiency is highly prevalent in the PBC group with almost one-third of these patients exhibiting serum vitamin D levels below 10 ng/mL.[@b103-hmer-10-043]

The vitamin D levels were decreasing as histological stages increased and were negatively correlated with bilirubin and ALP. A low baseline vitamin D level was associated with an increased risk of incomplete response independent of advanced stages.[@b104-hmer-10-043]

The levels of serum ALP are a significant prognostic factor and were extensively used in prediction models ([Table 1](#t1-hmer-10-043){ref-type="table"}). The first was the Barcelona prediction model, where an ALP normalization or a decrease (\>40%) from baseline after 1 year of UDCA was associated with a favorable response.[@b105-hmer-10-043] The Paris-I then appeared with a 90% survival for those fulfilling the criteria compared to 51% for those with higher values.[@b106-hmer-10-043] The Toronto prediction model was next[@b107-hmer-10-043] followed by the Paris-II.[@b108-hmer-10-043]

However, a direct comparison of these models in early PBC indicated that criteria at 1 year of UDCA administration reflect the severity of the disease rather than the therapeutic response to UDCA.[@b109-hmer-10-043]

Findings on ALP were later verified by a large multinational study, where levels of ALP \<2 upper limit of normal and bilirubin \<1 mg/dL were strong predictors of survival after UDCA.[@b110-hmer-10-043] The same group devised a more complex prognostic score, namely GLOBE, which included age, bilirubin, albumin, ALP, and PC after 1 year of treatment. The GLOBE score predicted survival of UDCA responders at 5 and 10 years with PPV respectively.[@b111-hmer-10-043]

Prognosis of UDCA response was recently reported in a large multicenter study. Biochemical nonresponse and an APRI of \>0.54 after 1 year treatment were associated with a 10-year complication rate of 37.4% as compared to only 3.2% in biochemical responders with an APRI of ≤0.54.[@b112-hmer-10-043]

The major problem of all these studies is the post hoc analysis of UDCA response, which is usually after 1 year. A small study assessed the prediction of response to UDCA using biochemical values at 3 and 6 months and reported that biochemical responses at 6 months can be used with equal accuracy with those at 1 year.[@b113-hmer-10-043]

It would be most interesting if the prediction of UDCA response could be based on pretreatment parameters only. A large cross-sectional study from the UK of 2353 patients suggested that the age at diagnosis was a strong predictor of UDCA response. Patients older than 70 years had a 90% response rate compared to only 50% for patients younger than 30.[@b114-hmer-10-043]

miRNAs as biomarkers to predict the response to treatment can possibly be used. A small study reported that the overexpression of miR-299-5p in PBMCs was associated with nonresponse to UDCA treatment.[@b115-hmer-10-043]

Elevated levels of serum IL-8 and sCD14 before UDCA therapy were significantly associated with both liver decompensation and liver-related death or liver transplantation.[@b116-hmer-10-043] These findings could be a good substitute for the complex models if properly validated.

Conclusion
==========

Although many potential biomarkers have recently been proposed, they lack proper validation. The situation is clearly presented when the few meta-analyses are scrutinized. They all start with a very large number of studies and finally analyze \<10% of them. It seems therefore that older immunological markers are still the most useful biomarkers for diagnosis and in part for the prediction of disease progression. However, models based on biochemical or hematological parameters are capable to predict response to treatment. [Table 1](#t1-hmer-10-043){ref-type="table"} summarizes the main reports on biomarkers that can be used in different aspects of PBC.
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Main studies of biomarkers in PBC

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Diagnosis                                     Biomarker                                        No. of patients and studies             Sensitivity (%)                         Specificity (%)                             AUC
  --------------------------------------------- ------------------------------------------------ --------------------------------------- --------------------------------------- ------------------------------------------- ----------------------------
  Hua et al[@b9-hmer-10-043]                    AMA/M2                                           24 studies\                             84.5                                    98                                          0.97
                                                                                                 Meta-analysis                                                                                                               

  Han et al[@b10-hmer-10-043]                   AMA IF 1/40                                      79                                      88.6                                    87                                          

  IF 1/80                                                                                        80                                      93.5                                                                                

  4 commercial tests                                                                             83.5                                    90.7                                                                                

  Lu et al[@b11-hmer-10-043]                    M2 saliva\                                       49                                      81.8                                    80                                          0.88
                                                Only in AMA + patients                                                                                                                                                       

  Hua et al[@b9-hmer-10-043]                    ANA gp210                                        25 studies                              27                                      98.5                                        0.53

  sp100                                         21 studies 13,000 patients                       23                                      97.7                                    0.32                                        

  de Liso et al[@b30-hmer-10-043]               gp210                                            Eight studies                           38                                      90                                          

  sp100                                         AMA-negative                                     42                                      91                                                                                  

  Anti-KLHL1/HK1                                patients                                         25                                      86--96                                                                              

  Hao et al[@b34-hmer-10-043]                   Metabolomics Glucose, fatty acids, amino acids   51                                      80                                      90                                          0.93

  Tan et al[@b43-hmer-10-043]                   miRNAs                                           82                                      80.5                                    88                                          0.905

  miR-122-5p\                                                                                    Increased                                                                                                                   
  miR-141-3p                                                                                                                                                                                                                 

  Katsumi et al[@b42-hmer-10-043]               miR-139-5p                                       45\                                     Decreased in advanced disease                                                       
                                                                                                 45                                                                                                                          

                                                                                                                                                                                                                             

  **Prognosis**                                                                                                                          **Hazard ratio**                                                                    

                                                                                                                                                                                                                             

  Wesierska-Gadek et al[@b60-hmer-10-043]       Anti-NCP (gp210)                                 127                                     3.4                                                                                 

  Miyachi et al[@b64-hmer-10-043]               Anti-p62                                         175                                     27% confirmation of Scheuer stage IV                                                

  Nakamura et al[@b61-hmer-10-043]              gp210                                            71                                      End-stage liver failure 60% when high                                               

  Nakamura et al[@b20-hmer-10-043]              gp210                                            276                                     6.74                                                                                

                                                                                                                                                                                                                             

  **Fibrosis**                                  **Combination biomarkers**                       **No. patients and studies**                                                                                                

                                                                                                                                                                                                                             

  Xie et al[@b96-hmer-10-043]                   ELF                                              Nine studies Meta-analysis              83                                      73                                          0.88\
                                                                                                                                                                                                                             Severe fibrosis--cirrhosis

  Wang et al[@b97-hmer-10-043]                  RDW                                              73                                      33.3                                    92.9                                        0.66

  RPR                                           Scheuer stage\>II                                46.7                                    96.4                                    0.74                                        

  APRI                                                                                           88.9                                    39.3                                    0.65                                        

  FIB-4                                                                                          57.8                                    78.6                                    0.68                                        

  Wang et al[@b98-hmer-10-043]                  APRI                                             58                                      76.5                                    73.2                                        0.726

  FIB-4                                         Scheuer stage\>II                                                                                                                0.722                                       

  MPV                                                                                                                                                                            0.671                                       

  RPR                                                                                                                                                                            0.717                                       

  PL/ST                                                                                                                                                                          0.807                                       

                                                                                                                                                                                                                             

  **Prediction models of treatment response**   **Model**                                        **Criteria**                            **No. of patients**                     **Assessment after induction of therapy**   

                                                                                                                                                                                                                             

                                                Barcelona[@b105-hmer-10-043]                     ALP: normalization or \>40% reduction   192                                     1 year                                      

                                                Paris-I[@b106-hmer-10-043]                       ALP\<3.0×ULN, AST\<2.0×ULN\             292                                     1 year                                      
                                                                                                 Bilirubin\<1 mg/dL                                                                                                          

                                                Toronto[@b107-hmer-10-043]                       ALP\<1.67×ULN                           69                                      2 years                                     

                                                Paris-II[@b108-hmer-10-043]                      ALP\<1.5×ULN, AST\<1.5×ULN\             165                                     1 year                                      
                                                                                                 Bilirubin\<1 mg/dL                                                                                                          
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ALP, alkaline phosphatase; AMA, anti-mitochondrial antibody; ANA, antinuclear antibody; APRI, AST/platelet ratio index; AST, aspartate aminotransferase; AUC, area under the curve; ELF, enhanced liver fibrosis; FIB-4, fibrosis index based on four factors; HK1, hexokinase-1; KLHL7, Kelch-like protein 7; microRNAs, miRNAs; PBC, primary biliary cholangitis; RDW, red blood cell distribution width; RPR, RDW/platelet ratio; ST, spleen thickness; IF, immunofluorescence; MPV, mean platelet volume; PL, platelets; ULN, upper limit of normal.
